I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Head and neck squamous cell carcinoma is the sixth most common form of cancer worldwide and represents approximately 5% of all cancers diagnosed annually in the United States.\[[@ref1]\] India continues to report the highest prevalence of oral cancers with 75,000--80,000 new cases of such cancers reported every year. There are about 700,000 new cases of cancers every year in India out of which tobacco-related cancers are 300,000. According to WHO 8.2 million people worldwide died from cancer in 2012, 60% of world\'s total new annual cases occur in Africa, Asia, and Central and South America.

Head and neck cancers (HNCs) are often treated with radiation therapy (RT), a technique that utilizes ionizing radiation and semi-selectively damages the genetic material of vulnerable malignant cells, directly or through the production of free radicals, leading to cell death. Beech *et al*. mentioned in a study that RT damages normal cells also, especially those that are rapidly dividing, by the same mechanism thus producing RT-induced adverse effects.\[[@ref2]\] The oral cavity is a common site for radiation-induced adverse effects. The adverse effects can be due to high oral mucosal cells turnover rates, a diverse and complex microflora, and trauma to oral tissues during normal function.\[[@ref3]\]

Radiation-related adverse effects can be both direct and indirect on oral structures, and they may be acute or chronic. These adverse effects include mucositis, xerostomia, loss of taste, dental caries, infection, trismus, and osteoradionecrosis.\[[@ref4]\] Fattore *et al*. said one of the earliest problems after RT is the development of abnormal caries.\[[@ref5]\] Irradiated patients are at increased risk for the development of a rapid, rampant carious process known as radiation caries.\[[@ref6]\] Caries frequently becomes severe in the cervical and incisal edges of teeth and, if left untreated, can progress rapidly to involve the pulp.\[[@ref5]\] Dentists play an important role in the prevention of the condition via comprehensive oral healthcare before, during, and after the active cancer therapy.

The aim of this article is to review the mechanisms underlying the development of radiation-induced caries including its prevention and clinical management.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Literature was selected through a search of PubMed and MEDLINE electronic databases for the following keywords: Cancer, radiotherapy, oral complications, and dental caries. The research was restricted from 1939 to May 2015. Fifty-seven articles met the inclusion criteria and were included in the study.

Etiological aspects of radiation caries {#sec2-1}
---------------------------------------

RT to the head and neck causes salivary gland dysfunction and xerostomia which increases the risk of dental caries and its sequelae. RT also affects the dental hard tissues increasing their susceptibility to demineralization.\[[@ref7]\]

Thus, the problem of tooth decay in irradiated patients of HNC is caused by radiation to the salivary glands and due to radiation to teeth that weakens the dentin-enamel bonds and results in shear fracturing.

Radiation-induced xerostomia {#sec2-2}
----------------------------

Irradiation may irreversibly affect the production and quality of saliva in the major and minor salivary glands. Even a low dose of 20 Gy can result in changes in the amount of saliva and its consistency. Saliva can become sparse, thick and ropy after just 4--5 fractions.\[[@ref4]\] According to Epstein *et al*. whole stimulated and resting saliva productions are decreased by 36.67% and 47.9%, respectively, by the end of 1 week of RT.\[[@ref8]\]

The incidence is also related to the tumor location and the technique used to deliver radiotherapy. Newer radiotherapy techniques such as intensity-modulated radiotherapy (IMRT) avoid larger radiation doses to the glands and retain greater function.\[[@ref2]\] Recovery of saliva output and the grade of xerostomia post-IMRT are much better in patients whose contralateral gland is spared.\[[@ref9]\] Studies have shown that the gland volume remains unchanged (as there is no change in a number of cells), only the excretory function is decreased or lost.\[[@ref9]\]

The patient can become uncomfortable as salivary lubrication is lost leading to sticky mucosa, difficulty in swallowing (dysphagia) and food sticking to the teeth. Individuals also complain of burning sensation on eating spicy food. This results in decreased nutritional intake and weight loss. Dry mucosa is also more prone to bleeding, resulting in bleeding gums.\[[@ref10]\]

Radiotherapy also results in an alteration in the composition of saliva, increase in viscosity, reduced buffering capacity, changes in salivary electrolyte concentrations, and changed antibacterial system responsible for immunity. According to Kielbassa *et al*., on an average, pH after radiation falls from 7·0 to 5·0, which is cariogenic. As the pH and buffering capacity of saliva are low, the minerals of enamel and dentin dissolve easily. Thus, the process of remineralization of the dental hard tissue does not occur in the oral environment of HNC patients after radiotherapy is prone to demineralization. Consequently, remineralization capacity of saliva is hampered.\[[@ref11]\]

Accompanied by the reduced oral clearance, these effects result in tremendous changes of the oral flora in patients treated with radiotherapy, with an increase in acidogenic, and cariogenic microorganisms (*Streptococcus mutans*, *Lactobacillus*, and *Candida* species).\[[@ref8][@ref12]\] These changes occur from the onset of radiotherapy to 3 months after completion and remain more or less constant thereafter. Undoubtedly, the shift in oral microflora toward cariogenic bacteria, the reduced salivary flow (oral clearance), and the altered saliva composition (buffer capacity, pH, immunoproteins, and oral clearance) clearly result in an enormous increase of caries risk, along with a raised risk for periodontal infections.\[[@ref11]\]

Direct effect on hard tissues {#sec2-3}
-----------------------------

Springer *et al*. concluded in a study that irradiation is thought to have a direct destructive effect on dental hard tissue, especially at the dentinoenamel junction (DEJ).\[[@ref13]\] Besides destruction at the DEJ, significant micromorphometric differences in the demineralized nature of irradiated enamel occur, suggesting that enamel is less resistant to acid attack after irradiation.\[[@ref13]\] When teeth are located in the irradiation field, hypovascularity results in a decrease in the circulation through pulpal tissue.\[[@ref13]\] The effect of radiation on vascular flow to the dentition as a whole also plays a role in this multifaceted caries-promoting cycle.\[[@ref14]\]

In the study done by Springer *et al*., a significant increase of the collagen cross-links hydroxylysylpyridinoline and lysylpyridinoline in dialyzed and ultrafiltrated probes of pulpal tissue of irradiated as compared to nonirradiated teeth, indicated a significant increase in amounts of collagen fragments by direct radiogenic destruction.\[[@ref13]\] It was suggested that radiogenic destruction of collagen within the dental pulp may contribute to secondary fibrosis and decreased vascularity, thereby impairing the odontoblastic metabolism.

The degeneration of the odontoblast processes leading to obliteration of dentinal tubules was found due to direct radiogenic cell damage with hampered vascularization and metabolism particularly in the area of the terminations of the odontoblast processes.\[[@ref15]\] A deficit in metabolism combined with a latent damage of the parenchyma ultimately resulted in functional symptoms such as subsurface caries.\[[@ref15]\] Subsurface caries is the main factor contributing to the atypical and comparatively rapid progress of irradiation caries which may not be explained by hyposalivation alone.\[[@ref16]\]

An increase in the stiffness of enamel and dentine near the DEJ was observed. The increased stiffness is hypothesized due to a radiation-induced decrease in the protein content, with a much greater reduction in the enamel sites as compared to dentin. These changes in mechanical properties and chemical composition can contribute to DEJ biomechanical failure and enamel delamination that occurs postradiotherapy.\[[@ref17]\] It was observed that minimal tooth damage occurs below 30 Gy; there was a 2--3 times increased risk of tooth breakdown between 30 Gy and 60 Gy likely related to salivary gland impact; and a 10 times increased risk of tooth damage when the tooth-level dose is above 60 Gy indicating radiation-induced damage to the tooth in addition to salivary gland damage. These findings suggest a direct effect of radiation on tooth structure with increasing radiation dose to the tooth.\[[@ref18]\]

Thus, radiogenic dental damage is the result of reduced salivary flow, as well as possible direct radiogenic damage.

C[LINICAL]{.smallcaps} P[ICTURE]{.smallcaps} {#sec1-3}
============================================

Clinically, radiation caries begin on the labial surface at the cervical areas of the teeth, and the caries affect smooth surfaces including mandibular anterior teeth which are unexpected since these areas are the most resistant to caries in nonradiated populations.\[[@ref19][@ref20]\] This effect is thought to be due to mechanical cleansing of these surfaces by the continuous flow of saliva that is severely impeded in radiation-induced hyposalivation. Lesions progress and encircle the cervical areas of the tooth, indicating that this region seems to be especially prone to caries.\[[@ref21]\] Subsequently, changes in translucency and color (brown-black discoloration of the entire tooth crowns), leading to increased friability and breakdown (accompanied by wear of the incisal and occlusal surfaces) of the tooth can follow, and complete amputation of the crown can be seen.

Clinically, three different patterns have been identified.

Type 1 - Most common pattern seen. It affects the cervical aspect of the teeth \[[Figure 1](#F1){ref-type="fig"}\] and extends to the cementoenamel junction. A circumferential decay develops, and crown amputation often occursType 2 - Appears as areas of demineralization on all dental surfaces. Generalized erosions and worn out occlusal and incisal surfaces are seen \[[Figure 2](#F2){ref-type="fig"}\]Type 3 - Least common pattern. Seen as color changes in the dentin. The crown becomes dark brown-black and occlusal and incisal wear \[[Figure 3](#F3){ref-type="fig"}\] can be seen.\[[@ref22][@ref23][@ref24][@ref25]\]

![Type 1 are lesions affecting the cervical aspect of the teeth and extending along the cementoenamel junction](NJMS-6-160-g001){#F1}

![(a) Type 2 presents with demineralized and worn occlusal surfaces. (b) Type 2 presents with demineralized and worn occlusal surfaces](NJMS-6-160-g002){#F2}

![Type 3 lesions present as color changes in the dentin. The crown is dark brown-black, along with occlusal wear](NJMS-6-160-g003){#F3}

Until now, no microscopic differences between initial radiation carious lesions and healthy incipient lesions have been recorded. This similarity is true for histological features for both enamel\[[@ref26][@ref27]\] and dentin,\[[@ref28]\] and for initial reactions regarding clinical demineralization\[[@ref29][@ref30]\] and remineralization.\[[@ref31]\]

M[ANAGEMENT OF]{.smallcaps} R[ADIATION]{.smallcaps} C[ARIES]{.smallcaps} {#sec1-4}
========================================================================

Management of radiation caries includes management of xerostomia and that of radiation-induced dental caries.

Preventive measures prior to radiation therapy {#sec2-4}
----------------------------------------------

A complete dental examination (clinical examination and full mouth radiographs), diagnosis, and treatment should be done before the start of radiotherapy. A complete examination of the mucosa, dentition, and periodontium should be done. Teeth vitality should be assessed. Restoration of carious lesion, endodontic therapy, and recontouring of restorations should be done prior to initiation of radiotherapy to prevent any future complications. Teeth showing severe pulpal or periodontal infection should be extracted in the preradiation phase so as to reduce the risk of osteoradionecrosis. A thorough dental prophylaxis should be performed.\[[@ref32]\]

The patient should be given preventive home care instructions that include rigorous oral hygiene (including interdental techniques such as flossing), daily self-application of topical fluoride, restricted intake of cariogenic foods, and remineralizing mouth rinse solutions or artificial saliva preparations. Daily topical 1.0% sodium fluoride gel application by means of custom-made fluoride carriers is recommended for reducing caries occurrence.\[[@ref33][@ref34]\] The classic study by Dreizen *et al*.\[[@ref35]\] showed an application of a 1% neutral sodium fluoride gel applied daily in custom trays could significantly reduce caries in irradiated patients. Neutral fluoride containing mouth rinses have also proved to be beneficial in preventing caries occurrence.

Besides fluorides, other alternatives have been studied. A clinical trial compared the caries preventive efficacy of a mouth rinse solution containing casein derivatives coupled with calcium phosphate (CD-CP) with a 0.05% sodium fluoride mouth rinse. It was found CD-CP preparations hold promise as caries preventive agents for individuals with dry mouth. Similarly, the efficacy of remineralizing toothpastes (which also deliver soluble calcium and phosphate ions) was recently investigated, and it was concluded that it may prevent root caries in irradiated patients.\[[@ref36][@ref37]\]

Prevention of xerostomia {#sec2-5}
------------------------

Salivary gland sparing RT, cytoprotective agents, preservation by stimulation with cholinergic muscarinic agonists (pilocarpine, cevimeline), and the surgical transfer of submandibular glands according to Management Guidelines and Quality of Life Recommendations according to (the American Society of Clinical Oncology) clinical practice guidelines were presented by Brennan *et al*. (Oral Care Study Group 2010).\[[@ref38]\]

Salivary-sparing radiation technique {#sec2-6}
------------------------------------

Salivary output has been shown to increase overtime in patients receiving parotid-sparing IMRT instead of conventional radiotherapy technique as IMRT restricts radiation exposure to healthy structures adjacent to the radiation targets.\[[@ref39]\]

Cytoprotective drugs {#sec2-7}
--------------------

Radioprotection can be achieved by the use of certain drugs (Amifostine \[WR-2721, EthyolR\]) that accumulates in salivary gland tissue and makes it less sensitive to radiation damage. The drug enters the bloodstream, where it is rapidly hydrolyzed by endothelial alkaline phosphatase and is converted to its active form WR-1065. The drug then enters cells and nuclei and acts as a scavenger against free radicals and prevents radiation damage to DNA.\[[@ref40]\] It was seen in a clinical study that incidence of grade \>2 acute xerostomia significantly reduced from 78% to 51% and chronic xerostomia from 57% to 34% after administration of 200 mg/m^2^ of the drug daily before each fraction.\[[@ref41]\] Amifostine administration produces mild to severe adverse toxicity events including nausea, vomiting (generally mild), and transient hypotension. Some other issues associated are the costs of the therapy and logistic problems as the drug needs to administered immediately prior to each RT session.

Submandibular gland transfer {#sec2-8}
----------------------------

The usual radiation portals in the treatment of HNC deliver 60--65 Gy to the major salivary glands. However, the submental region receives only scatter radiation amounting to 5% of the total dose. Surgical techniques were introduced in the early 1980s to spare salivary glands from head and neck radiotherapy.\[[@ref42]\] The procedure involves the transfer of a single submandibular salivary gland into the submental space, while pedicled on the facial artery, facial vein, and submandibular ganglion.\[[@ref43]\] It can be done only in patients with clinically negative cervical lymph nodes using the gland on the contralateral side of the primary tumor and is, therefore, not appropriate for all patients.

Management during and after radiotherapy {#sec2-9}
----------------------------------------

A good oral hygiene should be maintained throughout the treatment. It includes brushing 2--4 times daily with a soft-bristled toothbrush, daily flossing. To control for plaque accumulation, chlorhexidine mouthwashes should be continued in conjunction with and after normal daily tooth brushing. Fluoride prophylaxis with custom-made carriers and high concentrated fluorides (5000 ppm) should be maintained.\[[@ref11]\]

Salivary substitutes to relieve symptoms and sialogogic agents to stimulate saliva can be used.\[[@ref44]\] Sialogogues: Unstimulated whole salivary flow rates significantly increased over 3 and 6 months in patients who received pilocarpine (dose more than 2.5 mg 3 times daily for 8--12 weeks),\[[@ref45]\] although there were no significant differences in xerostomia.\[[@ref46]\] A study indicated that the efficacy of oral pilocarpine was dependent on the dose distributed to the gland.\[[@ref47]\] Contraindications include asthma, iritis, and glaucoma. Caution is advised in patients with chronic obstructive pulmonary disease and cardiovascular disease. A newer muscarinic agonist, cevimeline, when administered 30--45 mg 3 times daily for 52 weeks produced very few adverse effects, increased unstimulated but not stimulated saliva.\[[@ref48]\] Lemon candy can be sucked to increase the amount of whole saliva secretion and hence improve oral dryness. Sugar-free gums containing xylitol may stimulate salivary flow, buffering, sugar clearance, and can prevent dental decay.\[[@ref49]\]

Oral mucosal lubricants/saliva substitutes are the treatment of choice for patients who do not respond to pharmacological gustatory or masticatory stimulation. Saliva substitutes are based on different substances, including animal mucin, carboxymethyl-cellulose, xanthan gum, and aloe vera. All may relieve xerostomia, but a common major disadvantage is the, generally, short duration of relief they provide.

Manual acupuncture using auricular points and, in some cases, supplemented with electrostimulation is the most well-described method for providing relief from xerostomia.

It is administered twice weekly for 6 weeks, xerostomia problems significantly improved, and unstimulated whole saliva flow rates increased.\[[@ref50]\]

Stem cell replacement therapy may be a good option to treat radiotherapy-induced hyposalivation, but a better understanding of the mechanism is still needed.\[[@ref51]\]

After completion of radiotherapy, frequent follow-up appointments should be scheduled for patients. Scaling and root planning are done under proper antibiotic coverage if proper oral hygiene is not maintained by the patient. Carious lesions are restored immediately. Dental extractions after irradiation should be avoided if possible. Consequently, endodontic therapy should be the treatment of choice in many cases\[[@ref52]\] and has been shown to be a viable alternative to exodontia since traumatic injury will be kept to a minimum thus reducing the risk of osteoradionecrosis.\[[@ref53][@ref54]\]

Unfortunately, it is not always possible to prevent the development of radiation caries. The restoration of radiation caries can be extremely challenging due to difficult access to cervical lesions leading to incomplete excavation of caries.

Further, the cavity preparation can be difficult to define and might provide little mechanical retention.\[[@ref55]\] In addition to technical issues, selection of the most appropriate restorative material is difficult due to the challenging oral environment found in irradiated patients. Ideally, the chosen material should demonstrate appropriate adhesion, prevent secondary caries, and resist dehydration and acid erosion. McComb *et al*.\[[@ref56]\] confirmed the effectiveness of fluoride-releasing materials in the prevention of recurrent caries in irradiated patients. Composite resins have been proven to prevent *in vitro* recurrent decay, and retention of these materials has been demonstrated even for long periods.\[[@ref57]\] However, when time is limited, glass ionomer cements seem to be effective temporary treatments.\[[@ref55][@ref56]\] Hu *et al*.\[[@ref55]\] showed glass ionomers can prevent secondary caries development, even when restorations were lost. Moreover, glass ionomers appear to offer satisfactory handling, adhesion, and physical properties. However, lack of salivary buffering in xerostomic patients may lead to a reduction of normal plaque pH and in turn lead to the formation of hydrofluoric acid and erosion of the glass ionomer.\[[@ref56]\]

Patients should be made aware of the importance of maintaining good oral hygiene. Patients should be instructed to use custom carrier trays for application of fluoride or chlorhexidine gels throughout life. It is imperative that the patient should be kept under supervision to reduce the incidence of radiation caries.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Radiotherapy leads to changes in dentition, saliva and oral microflora of HNC patients. Radiation caries has multifactorial etiology, but hyposalivation remains the primary cause. Therefore, radiation caries could be prevented by salivary gland sparing, or prevention is achieved with comprehensive dental care before, during, and after RT. Motivation of patients, adequate plaque control, stimulation of salivary flow, and fluoride use are essential to reduce the incidence of radiation caries and to improve the quality of life of HNC patients.
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